A growing interest in enzymatic growth promoters prompted the authors of the study to investigate the effects of a stimulating enzymatic complex on ejaculate characteristics of boars. The enzymatic complex comprising five proteases (proteinases -endopeptidases) and two peptidases (exopeptidases) was obtained by fermentation from Streptomyces fradiae. This complex was added to boar diets for 3 months at the initial doses of 90 (group E1) and 120 (group E2) g/ton of feed in the first week, followed by 40 and 60 g/ton, respectively, in the following weeks. Evaluation was based on the assessment of key ejaculate characteristics (volume, sperm concentration, total sperm count, primary and secondary sperm defects). The enzymatic complex improved the microscopic and macroscopic characteristics of boar ejaculate by increasing sperm concentrations and total sperm counts, and decreasing the volume of the analysed ejaculates without significant changes in the spermiograms of primary and secondary defects.
The reproductive activity of boars is affected by the quality and health benefits of feed (6) , especially in terms of digestion and absorption of feed in the gastrointestinal tract. The latter factors are subject to constant adaptive changes. Stimulation or inhibition of exocrine pancreas secretion is a mechanism of situational adaptation (8) . All organs of the gastrointestinal system, including the pancreas, are controlled by the nervous and hormonal systems, and they are affected by the quantity, quality, structure, and health attributes of the administered diets, as well as the applied nutritional regime. The characteristics of feed are highly variable due to environmental factors, and animals are often required to adapt to environmental changes on a daily basis. Under the intensive production conditions, the level of nutrition often exceeds the maintenance requirements of animals; therefore, a great attention needs to be paid to the functioning of their gastrointestinal system. Positive effect of dietary supplementation with vitamin E and selenium, and positive effects of unsaturated fatty acids on semen parameters are known (10) . A high dietary intake of energy and all nutrient components is also important. Following the ban of the use of antibiotic growth promoters, the importance of the positive effect of feed additives on metabolism and production parameters increases.
The above arguments support the use of exogenous proteases, which, in theory, should lower cholecystokinin concentrations (12) , blocking the satiation response and leading to an increase of appetite. This, however, should stimulate gastric activity and maximise nutrient absorption in the intestines. This type of stimulatory substances are safe to use because they do not penetrate the body and they affect only the digestive tract (9) .
The objective of the study was to evaluate the effects of a stimulating enzymatic complex added to feed on the quality of boar ejaculate.
Material and Methods
The effectiveness of a stimulating enzymatic complex comprising seven bacterial extracellular proteolytic enzymes: five proteases (proteinasesendopeptidases) and two peptidases (exopeptidases) obtained from Streptomyces fradiae in the process of fermentation was evaluated. The complex was supplied by Gist-Brocades (France). The complex was composed of type II proteases with molecular mass of approximately 18,000, an isoelectric point of approximately 9.0, and electrophoresis at pH 8.0 (up to 40% total activity); type III proteases with molecular mass of approximately 14,000, and the remaining indicators identical to the above (up to 30% total activity); type IV proteases with molecular mass of approximately 16,500 and the remaining indicators identical to the above (up to 30% total activity). This classification was based on the procedure of isolating and purifying of particular enzymes, and the enzyme (complex) numbers correspond to the numbers of chromatographic fractions (3) .
A total of 37 crossbred boars from the Animal Breeding and Insemination Center in Pętkowice (Poland) have been administered the same enzymatic complex for three months in the following doses: experimental group 1 (E1 -12 boars) -90 g/ton of feed in the first 7 d, followed by 40 g/kg of feed until the end of the experiment; experimental group 2 (E2 -12 boars) -120 g/ton of feed in the first 7 d, followed by 60 g/kg of feed until the end of the experiment (12) . The experiment also involved a control group (C -13 boars). Semen was collected from all boars using the gloved hand technique. The boars were accustomed to the procedure, which was carried out once or twice per week by the same person.
Density of raw semen was estimated using a colorimeter and then diluted for further use with a commercial extender. The number of spermatozoa in diluted semen was determined in duplicate using a Makler counting chamber and phase-contrast microscope. Stained semen smears were prepared by mixing diluted semen with nigrosin-eosin stains to evaluate sperm morphology and viability or with Giemsa stain to evaluate acrosome structures. Boar ejaculates were evaluated on the first and on the last day of the experiment (ejaculate volume, sperm concentration, total sperm count, primary and secondary sperm defects).
To evaluate the significance of the experimental factors, the obtained results were validated statistically with the use of STATISTICA (7) PL and WINSTAT applications, by an analysis of variance and significance tests for dependent samples (within the experimental group) and independent samples (between the experimental groups).
Results
The spermiogram of primary defects noted on date 2 (Table 1) shows a statistically significant difference in tapering head values between groups C and E1 (0.50%). A statistical analysis of secondary defects on date 2 (Table 2 ) revealed statistically significant differences in narrow head (0.43%) and coiled tail (0.67%) values between groups E1 and E2.
The results of statistical analyses of microscopic and macroscopic characteristics of boar ejaculate are presented in Table 3 . Statistically significant differences were determined on date 1 between groups E1 and E2 in ejaculate volume values (difference of 43.23 mL). On date 1, highly significant differences were noted between groups C and E1 in regard to sperm concentrations (difference of 101.00 x 10 6 /mL) and total sperm counts (difference of 32.82 x 10 9 ). On date 1, highly significant differences were also noted between groups C and E2 in ejaculate volume (difference of 67.35 mL, sperm concentrations (difference of 100.27 x 10 6 /mL), and total sperm counts (difference of 32.59 x 10 9 ). -P 0.01, * -P 0.05, ** -P 0.01, -P 0.05, -P 0.01; C -control group, E1, E2 -experimental groups On date 2 (Table 3 ), significant differences were observed between groups C and E2 in ejaculate volume (difference of 53.45 mL) and sperm concentrations (difference of 116.61 x 10 6 /mL). On the same date, highly significant differences were noted between groups C and E1 in the values of ejaculate volume (difference of 65.68 mL), sperm concentrations (difference of 119.78 x 10 6 /mL), and total sperm counts (difference of 24.30 x 10 9 ). Highly significant differences were reported between groups E1 and E2 with regard to total sperm count values (difference of 25.90 x 10 9 ).
Discussion
The presented values of the spermiogram show no general differences on both experimental dates. There were no symptoms suggesting that the tested stimulating enzymatic complex had any effect on the analysed boars, in particular on the spermatogenesis process. A strong correlation exists between animal nutrition and the homeostasis of the body and individual organs (2) . All organs of the digestive system, including the pancreas, are subject to nervous and humoral control and local regulation, and they are affected by the quantity, quality, structure, and sanitary standards of the administered diets, as well as by the applied nutritional regime. In the production process, special attention needs to be paid to the functioning of the digestive tract (since the level of nutrition often exceeds the maintenance requirements of animals) and the reproductive systems (due to the need to reproduce). It seems that the above requirements were not fulfilled in the investigated animals.
The extrapolation of the obtained results suggests that the endocrine activity of male gonads, which create a supportive environment for spermatogenesis, is controlled by the nervous and hormonal systems, and the testes (5). In boars, male gonads probably lack internal innervation, and nerve supply reaches only the testicular artery and the pampiniform plexus, implying that the vasomotor control of tunica externa, and septal and intertesticular vessels in the interstitial tissue is not directly affected by the autonomic nervous system. It may seem that autonomic control of the endocrine activity of boar gonads is governed by an identical dependency.
The above indicates that nervous regulation of gonad activity in boars takes place only within the central nervous system. Hormonal control is exercised via the bloodstream, however, this process is slow, and it is determined by various transmitters. The presence of specific membrane and cytoplasmic receptors is also required. To illustrate, the role of FSH and LH (11) is to maintain the activity of Sertoli cells, which leads to the activation of adenylate cyclase and stimulation of cAMP synthesis, and Leydig cells, which stimulates testosterone production after binding to plasma membrane receptors (1) . Local regulation mechanisms play a crucial role. The discovery of non-hormonal factors regulating gonad growth and development prompted researchers to re-evaluate the significance of endocrinological control over the reproductive system. These factors act locally on adjacent cells (paracrine regulators) and on cells in the place where they are produced (autocrine regulators).
It can be concluded that central control of gonad activity in boars relies on a functional synergy between the central nervous system and hormonal system (5) . Changes in humoral and nervous control of organ functions are often determined by the stability of the digestive tract, and every change affects the entire body. Increased or decreased activity of the stomach and intestines affects the animal's appetite. Increased hormone secretion in the gastrointestinal system is accompanied by similar changes in hormone levels in various brain structures. The fluctuations in hormone levels in the digestive tract and the central nervous system are probably synchronised with the involvement of the autonomic nervous system, which transfers stimuli from the intestines to the central nervous system and back to digestive organs. This synergy between hormones and the nervous system determines mating success in animals (5, 7). The results of microscopic and macroscopic evaluations of ejaculate from boars administered per os a stimulating enzymatic complex testify to the above. The studied enzymatic supplement increased sperm concentrations and total sperm counts and decreased ejaculate volume, thus indicating that the intended goal has been achieved. Feeding proteases increased the concentration of spermatozoa, which is similar to results obtained from unsaturated fatty acids supplementation. It seems that this is the result of increasing nutrient availability caused by the action of proteases. Next consequence of increased sperm concentration may be getting a larger number of semen doses, which corresponds with studies on supplementation with omega-3 fatty acids (4) .
The results of the experiment support the conclusion that the supplementation of boar diets with a stimulating enzymatic complex improved the microscopic and macroscopic characteristics of boar ejaculate.
